The anatomical relationship between the arcuate eminence (AE) and the superior semicircular canal (SSC) was examined by computed tomography (CT) in 52 petrous bones of 26 patients. After acquiring volume data by multidetector CT, 1-mm thick oblique bone window images perpendicular to the SSC were obtained from the axial images. The distances between the AE and the SSC, and the SSC and the superior surface of the petrous bone were measured. The AE corresponded exactly with the SSC in only 2/52 petrous bones, and corresponded well in 7/52. The AE was lateral to the SSC in 25/52 cases, medial to the SSC in 6/52 cases, intersected in 3/52 cases, and was indiscernible in 9/52 cases. The distance between the SSC and the petrous surface was 0 mm in 45/52 petrous bones, 1 mm in 5/52, 2 mm in 1/52, and 3 mm in 1/52. The SSC typically does not correspond exactly with the AE, and is generally located just under the surface of the petrous bone. Planning of the middle cranial fossa approach requires location of the SSC by CT.
Introduction
The middle cranial fossa approach is very useful for treating lesions of the internal auditory canal (IAC) and the petrous apex, the most inaccessible portion of the temporal bone. Otolaryngologists have long used the middle cranial fossa approach for facial nerve repair, vestibular neurectomy, repair of dural defects, removal of intracanalicular tumors, and surgical treatment of other temporal bone lesions. 12) Neurosurgeons now use the extended middle cranial fossa approach, the modified extended middle cranial fossa approach, and the combined transpetrosaltranstentorial approach to expose skull base tumors and posterior circulation cerebral aneurysms, amongst other neurosurgically treatable disorders. 1, 2, 9, 10, 14, [17] [18] [19] [20] Accurate knowledge of the anatomy is the basis of any type of surgery. The important landmarks intrinsic to the middle cranial fossa approach are the foramen spinosum, the foramen ovale, the greater superficial petrosal nerve (GSPN), and the arcuate eminence (AE). The AE is often used as a landmark for the position of the superior semicircular canal (SSC), approximately located under the AE, which is an important landmark in middle cranial fossa surgical interventions. However, the AE cannot be recognized if not prominent on the surface and tends to exhibit much individual variation, so often does not physically correspond well with the SSC.
The present study examined and assessed the topographic relationship between the SSC and the AE by computed tomography (CT).
Materials and Methods
Fifty-two petrous bone scans were examined from 26 Japanese patients, 14 males and 12 females aged 9-72 years (mean 44.6 years), scheduled for surgical extirpation of tumor. CT was performed with a 16-detector multislice SOMATOME Sensation 16 (SIE-MENS, Inc., Munich, Germany). After collecting volume data, horizontal bone window scans of the SSC were obtained with window width of 3000 Hounsfield units and window level of 1000 Hounsfield units (Fig. 1A, a) . Following this, 1-mm thick The distances between the AE and the most anterior, central, and most posterior points of the SSC were measured, taking the SSC position as zero, the lateral direction as positive, and the medial direction as negative along the oblique slices ( Fig. 2A, B) . The distance between the SSC and the superior surface of the petrous bone was also measured (Fig. 2C ). The petrous bones were then classified into eight groups, according to the AE-SSC distances as follows: Group C, all distances were 0 mm (zero), or the AE corresponded exactly with the SSC; Group C', two of the three distances were zero; Group L, two of the three distances were positive, indicating that the AE was lateral to the SSC; Group L', positive, zero, and indiscernible distances; Group M, two of the three distances were negative, indicating that the AE was medial to the SSC; Group M', negative, zero, and indiscernible distances; Group I, positive and negative distances, indicating that the AE probably corresponded with the SSC; and Group U, two of the three distances were indiscernible. According to this classification, Groups C and C' can be categorized as the corresponding group, Groups L and L' as the lateral group, and Groups M and M' as the medial group.
Results
The 52 petrous bones were classified according to the relationship between the SSC and the AE: Group C two cases, Group C' seven cases, Group L 22 cases, Group L' three cases, Group M four cases, Group M' two cases, Group I three cases, and Group U nine cases. Therefore, the corresponding group (C and C') contained 9/52 bones, the lateral group (L and L') 25/52 bones, and the medial group (M and M') 6/52 bones ( Table 1) .
The distance between the SSC and the superior surface of the petrous bone was measured as follows: 0 mm in 45/52 cases, 1 mm in 5/52 cases, 2 mm in 1/52 cases, and 3 mm in 1/52 cases ( Table 2) .
Discussion
The present study shows that the location of the AE approximately corresponds to that of the SSC, but the precise topographic relationship shows individual variations.
Examination of 60 dry adult temporal bones found that the AE was not discernible in 9/60 bones. 13) The AE was rotated posteriorly in 50 of the other 51 cases, and was rotated 909from its typical orientation in the remaining case. The approximate location of the apex of the SSC can be determined by extending a line for 10 mm in the posterior direction from the anterior border of the geniculate ganglion parallel with the GSPN, and then proceeding 4 to 5 mm medially. The AE was not prominent in 4/20 temporal bone specimens, and the SSC had poor pneumatization and depth in the other 16 cases. 21) In our study, we could not discern the AE in 9/52 cases Posterior* (mm) Class **
*Positive value indicates the AE is located lateral to the SSC; negative value indicates the AE is medial to the SSC. **C: all three distances were 0 mm (zero); C': two of the three distances were zero; L: two of the three distances were positive; L': positive, zero, and indiscernible distances; M: two of the three distances were negative; M': negative, zero, and indiscernible distances; I: positive and negative distances; U: two of the three distances were indiscernible. and one SSC in the indiscernible group (Group U) was 3 mm from the superior surface of the petrous bone. Various methods are available for exposing the IAC. The geniculate ganglion and the IAC can be skeletonized by following the GSPN, which does not require locating the SSC or the AE. 11) The sagittal line 28 mm from the inner surface of the squamous temporal bone along the transverse biauricular line can be used to define a safe area that overlies the IAC but is medial to the labyrinth. 15, 16) This technique does not rely on locating the AE, but the exposure of the IAC may be inadequate in this method because of variation in the shape and size of individual heads.
The SSC can be used as a landmark for the identification of the internal auditory meatus. 4, 16) The IAC is located approximately 10 mm anteromedial from the apex of the SSC on a line parallel to the superior petrosal sinus. Alternatively, the SSC and the vestibular nerve delimit a sector of about 60 degrees, centered over the superior ampulla. 7) Both of these methods require confirmation of the blue line of the SSC. Clearly, knowing or being able to determine the location of the SSC before surgery is of the utmost importance to prevent compromising or injuring the SSC.
Another method is based on the finding that the IAC is directly under the bisection of the angle formed by the GSPN and the AE. 8) The orientation and location of drilling depends on the direction and situation of the AE. Considering the variations in the AE axis, the location of the IAC cannot be determined before drilling. Moreover, the angles depend on the physical position of the surgeons, as the angle between the GSPN and the IAC is wider than the angle between the AE and the IAC from the posterior direction, but narrower from the anterior direction. 5) Using the AE directly to identify the IAC is both unwise and inaccurate. The IAC may be located approximately 60 degrees anteromedially from the SSC, not from the AE. Similarly, the IAC also lies along the bisecting line between the GSPN and the SSC, not the AE.
The AE may be a trace of the occipitotemporal sulcus and will not exactly correspond to the SSC. 22, 23) Study of 100 CT scans of the temporal bone showed that the AE was not a good landmark for the SSC in 48% of the cases. 6) A study of the relationship between AE and SSC proposed the use of three-dimensional CT imaging for detailed surgical planning. 3) We analyzed this subject in Japanese patients and found that most AEs did not exactly corresponded to the SSCs. The AE was located lateral to the SSC in 48%, corresponding in 17%, medial in 12%, and indiscernible in 17% of the petrous bones. We also found that most AEs were located just under the superior surface of the petrous bones.
The location of the SSC is not difficult to ascertain before surgery using suitable CT techniques. Clearly, whatever method the surgeon chooses to use, the relationship between the AE and the SSC is extremely valuable to understand when making any decisions concerning the drilling of the bone covering the IAC.
